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(57) ABSTRACT

A method of fabricating a semiconductor device, including
the following steps. A plurality of fin structures are formed on
a substrate. There is a trench between the fin structures. At
least two times of circulating processes are performed. The
circulating processes include: a deposition process and an
etching process. The deposition process is performed to fill a
first conductor material layer in the trench. The first conduc-
tor material layer covers top parts and sidewalls of the fin
structures. The etching process is performed to remove a part
of the first conductor material layer.

20 Claims, 7 Drawing Sheets
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1
SEMICONDUCTOR DEVICE AND METHOD
OF FABRICATING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a semiconductor device and a
method of fabricating the same.

2. Description of Related Art

As semiconductor devices are integrated, in order to
achieve high density and high performance, it is preferred to
form a structure stacked upward when fabricating the semi-
conductor devices, such that the wafer area can be used more
efficiently. Therefore, semiconductor structures having a high
aspect ratio are commonly seen in small-sized devices. For
example, the semiconductor structure includes trenches with
a high aspect ratio, for example.

Generally speaking, fabrication of the device includes fill-
ing a conductor layer into the trenches with a high aspect
ratio. However, since the conductor layer itself does not have
a preferable gap-filling ability, unevenly distributed voids are
easily formed in the trenches, resulting in a negative influence
on electrical testing ofthe semiconductor device. Besides, the
voids may generate unbalanced stresses at two sides of the
trench, thus resulting in microbending of the semiconductor
structure between the trenches and consequently making the
alignment in a subsequent photolithography process more
challenging. Thus, how to prevent voids in the trenches with
a high aspect ratio and avoid microbending of the semicon-
ductor structures is certainly an issue to work on.

SUMMARY OF THE INVENTION

The invention provides a method of fabricating a semicon-
ductor device capable of effectively preventing formation of
unevenly distributed voids when filling a conductor material
in a trench with a high aspect ratio.

The invention provides a method of fabricating a semicon-
ductor device, including the following steps. A plurality of fin
structures are formed on a substrate. A trench is located
between the fin structures. At least two times of circulating
processes is performed, so as to form a first conductor layer.
Each time of the circulating processes includes: a deposition
process and an etching process. The deposition process is
performed to fill a first conductor material layer in the trench,
wherein the first conductor material layer covers top parts and
sidewalls of the fin structures. The etching process is per-
formed to remove a part of the first conductor material layer.
In addition, a first thickness of the first conductor layer is
adjusted to be less than a second thickness of the first con-
ductor layer. The first thickness is a thickness of the first
conductor layer at upper parts of the sidewalls of the fin
structures, and the second thickness is a thickness of the first
conductor layer at lower parts of the sidewalls of the fin
structures.

According to an embodiment of the invention, after per-
forming the circulating processes, the method further
includes: filling a second conductor material layer in the
trench.

According to an embodiment of the invention, a difference
between the first thickness and the second thickness is
adjusted to be greater than 1 A and less than 5 A.

According to an embodiment of the invention, after the
steps of the circulating processes are performed, the thickness
of'the first conductor layer gradually decreases from the lower
parts of the sidewalls of the fin structures to the upper parts of
the sidewalls of the fin structures.
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According to an embodiment of the invention, after the
steps of the circulating processes are performed, a first angle
between a surface of the first conductor layer and a surface of
the substrate is less than a second angle between the sidewalls
of the fin structures and the surface of the substrate.

According to an embodiment of the invention, the step of
forming the fin structures on the substrate includes: forming a
plurality of strip layers; and forming a charge storage layer to
cover top parts and sidewalls of the strip layers.

According to an embodiment of the invention, the step of
forming the fin structures on the substrate includes: forming a
plurality of stack layers; and forming a charge storage layer to
cover top parts and sidewalls of the stack layers.

According to an embodiment of the invention, the step of
forming the stack layers includes: forming at least one con-
ductor layer and at least one dielectric layer that are alter-
nately stacked with respect to each other.

The invention provides a semiconductor device, including:
a substrate; a plurality of fin structures, and a first conductor
layer. The plurality of fin structures are located on the sub-
strate. The first conductor layer covers sidewalls of the fin
structures. A first thickness of the first conductor layer is less
than a second thickness of the first conductor layer. The first
thickness is a thickness of the first conductor layer at upper
parts of the sidewalls of the fin structures, and the second
thickness is a thickness of the first conductor layer at lower
parts of the sidewalls of the fin structures.

According to an embodiment of the invention, a difference
between the first thickness and the second thickness is greater
than 1 A and less than 10 A.

According to an embodiment of the invention, each of the
fin structures includes: a strip layer; and a charge storage
layer, covering a top part and a sidewall of the strip layer.

According to an embodiment of the invention, each of the
fin structures includes: a stack layer; and a charge storage
layer, covering a top part and a sidewall of the stack layer.

According to an embodiment of the invention, each stack
layer includes at least one second conductor layer and at least
one dielectric layer that are alternately stacked with respect to
each other.

According to an embodiment of the invention, the semi-
conductor device further includes: a second conductor layer,
covering a surface of the first conductor layer and a top part of
the charge storage layer.

According to an embodiment of the invention, the thick-
ness of the first conductor layer gradually decreases from the
lower part of the sidewall of the fin structure to the upper part
of the sidewalls of the fin structure.

According to an embodiment of the invention, a first angle
between a surface of the first conductor layer and a surface of
the substrate is less than a second angle between the sidewall
of the fin structure and the surface of the substrate.

The invention further provides a method of fabricating a
semiconductor device, including the following steps. A plu-
rality of fin structures are formed on a substrate. There is a
trench between the fin structures. The trench is filled with a
plurality of layers of a conductor material layer. The conduc-
tor material layer covers top parts and sidewalls of the fin
structures. A first thickness of at least one conductor material
layer is adjusted to be less than a second thickness of the
conductor material layer. The first thickness is a thickness of
the conductor material layer located at upper parts of the
sidewalls of the fin structures, and the second thickness is a
thickness of the conductor material layer located at lower
parts of the sidewalls of the fin structures.
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According to an embodiment of the invention, a difference
between the first thickness and the second thickness is
adjusted to be greater than 1 A and less than 10 A.

According to an embodiment of the invention, the thick-
ness of the conductor material layer gradually decreases from
the lower parts of the sidewalls of the fin structures to the
upper parts of the sidewalls of the fin structures.

According to an embodiment of the invention, a first angle
between a surface of the conductor material layer and a sur-
face of the substrate is less than a second angle between the
sidewalls of the fin structures and the surface of the substrate.

Based on the above, in the invention, formation of unevenly
distributed voids when filling a conductor material into the
trench with a high aspect ratio may be effectively prevented
by making the first thickness (the thickness of the first con-
ductor material layer at the upper parts of the sidewalls of the
fin structures) of the first conductor material layer, which
covers the sidewalls of the fin structures, less than the second
thickness (the thickness of the first conductor material layer at
the lower parts of the sidewalls of the fin structures) of the first
conductor material layer, so as to improve an electrical per-
formance of the semiconductor device.

In order to make the aforementioned and other features and
advantages of the invention comprehensible, several exem-
plary embodiments accompanied with figures are described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1A is a schematic top view illustrating a semiconduc-
tor device according to an embodiment of the invention.

FIG. 1B is a schematic cross-sectional view illustrating the
semiconductor device along an A-A' line of FIG. 1A.

FIG. 2 is a schematic cross-sectional view illustrating a
semiconductor device according to another embodiment of
the invention.

FIGS. 3A to 3F are schematic cross-sectional views illus-
trating a method of fabricating a semiconductor device
according to an embodiment of the invention.

FIGS. 4A to 4B are schematic cross-sectional views illus-
trating a method of fabricating a semiconductor device
according to another embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

FIG. 1A is a schematic top view illustrating a semiconduc-
tor device according to an embodiment of the invention. FIG.
1B is a schematic cross-sectional view illustrating the semi-
conductor device along an A-A' line of FIG. 1A.

Referring to FIGS. 1A and 1B, the semiconductor device
100 includes a substrate 10, a patterned dielectric layer 12a, a
plurality of fin structures 101, a plurality of conductor layers
32b, and a plurality of conductor layer 40a. The substrate 10
may include a semiconductor material, an insulator material,
a conductor material, or a combination thereof. A material of
the substrate 10 is a material composed of at least one selected
from a group consisting of Si, Ge, SiGe, GaP, GaAs, SiC,
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SiGeC, InAs, and InP, or any physical structure suitable for a
fabricating process of the invention, for example. The sub-
strate 10 includes a single-layer structure or a multi-layer
structure. In addition, a silicon on insulator (SOI) substrate
may be used as the substrate 10. The substrate 10 is formed of
silicon or silicon germanium, for example.

The patterned dielectric layer 12« is located on the sub-
strate 10. The dielectric layer 12a includes oxide, nitride,
oxynitride, or a low dielectric constant material having a
dielectric constant smaller than 4. In an embodiment, the
dielectric layer 12a is a bottom oxide (BOX) layer, for
example. A thickness of the dielectric layer 124 is in a range
of 3000 A to 4000 A, for example.

The fin structures 101 are located on the dielectric layer
12a. Each of the fin structures 101 extends along a first
direction D1. A trench T is between two adjacent fin struc-
tures 101. The trench T may be in any length, width, or shape.
The trench T may be a wide trench or a narrow trench. In an
embodiment, a width of the trench T is in a range of 200 A to
300 A, for example, and a depth of the trench T is in a range
of 5000 A to 6000 A, for example. In other words, the trench
T has a higher aspect ratio. In an embodiment, the aspect ratio
of'the trench T is in a range of 16 to 30, for example. A cross
section of the trench T may be in any shape, such as V shape,
U shape, rhombus, or a combination thereof, for example.
However, the invention is not limited thereto.

Each of the fin structures 101 includes stack layers 18a and
a charge storage layer 22a. Each stack layer 18a includes at
least one conductor layer 14a and at least one dielectric layer
164 that are alternately stacked with respect to each other. In
an embodiment, the conductor layer 14a is located on the
dielectric layer 124, and the dielectric layer 164 is located on
the conductor layer 14a. However, the invention is not limited
thereto. In another embodiment, the dielectric layer 16a may
also be located on the dielectric layer 12a. The conductor
layer 14a and the dielectric layer 16a are alternately stacked
upward on the substrate 10 to form the stack layers 18a. In
terms of geometry, an angle 61 between a sidewall of each of
the fin structures 101 and a surface of the substrate 10 is
greater than 85.0 degrees and less than 89.9 degrees, for
example. Besides, a corner part C of each stack layer 18a may
have a radian. The dielectric layer 164 and the dielectric layer
12a may be formed of the same or different materials. A
material of the dielectric layer 16a may include oxide, nitride,
oxynitride, or a low dielectric constant material having a
dielectric constant smaller than 4. A thickness of the dielectric
layer 164 is in a range of 300 A to 500 A, for example. A
material of the conductor layer 14a includes an undoped
semiconductor or a doped semiconductor, such as polysilicon
or doped polysilicon. A thickness of the conductor layer 14a
is in a range of 200 A to 300 A, for example. In an embodi-
ment, the conductor layer 14a serves as a bit line or a word
line of the semiconductor device 100, for example. Also, in
this embodiment, the fin structures 101 are in a configuration
that the charge storage layers 22q are disposed on the stack
layers 18a formed of polysilicon layers and oxide layers
alternately disposed with respect to each other, for example.

Continuing to refer to FIGS. 1A and 1B, each of the fin
structures 101 may selectively include a hard mask layer 20aq.
The hard mask layer 20a is at the topmost layer of the fin
structure 101, for example. However, the invention is not
limited thereto. The hard mask layer 20a may be a single layer
or multiple layers. A material of the hard mask layer 20q is
silicon oxide, silicon nitride, or other materials having a high
Young’s modulus, for example. A thickness of the hard mask
layer 20a is in a range of 4000 A to 5000 A, for example.
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The charge storage layer 224 covers a sidewall of the stack
layer 18a, a sidewall of the hard mask layer 20a, and a top part
of the hard mask layer 20a. A material of the charge storage
layer 22a includes oxide, nitride, or a combination thereof.
Specifically, the material of the charge storage layer 22a
includes silicon nitride, silicon oxide, or a combination
thereof. The charge storage layer 22a may be a single layer or
multiple layers. In an embodiment, the charge storage layer
22a is a single-layer silicon oxide layer, for example. In
another embodiment, the charge storage layer 224 is a com-
posite layer of oxide-nitride-oxide (ONO), for example. A
thickness of the charge storage layer 224 is in a range of 200
A to 300 A, for example.

The conductor layer 325 is located on the charge storage
layer 224 in the trench T and covers a part of a sidewall of the
charge storage layer 22a. In other words, the conductor layer
325 covers the sidewall of each of the fin structures 101. The
conductor layer 326 may be a single layer or multiple layers.
It should be noted that a first thickness t1 of the conductor
layer 325 is less than a thickness t2 of the second of the
conductor layer 325. The first thickness t1 refers the thickness
of the conductor layer 325 located on an upper part of the
sidewall of the fin structure 101, and the second thickness t2
refers to the thickness of the conductor layer 325 located on a
lower part of the sidewall of the fin structure 101. In addition,
when the conductor layer 326 is a multi-layer structure, the
first thickness t1 and the second thickness t2 refer to a total
thickness of multiple conductor layers. In other words, the
condition is met if the at least one conductor layer has the
following thickness distribution: the thickness of the conduc-
tor layer at the upper part of the sidewall of the fin structure
101 is less than the thickness of the conductor layer at the
lower part of the fin structure 101. In an embodiment, each of
the conductor layers has the thickness distribution. In an
embodiment, the thickness of the conductor layer 325 gradu-
ally decreases from the lower part of the sidewall of each of
the fin structures 101 to the upper part of the sidewall of each
of the fin structures 101. In an embodiment, a difference
between the first thickness t1 and the second thickness t2 is
greater than 1 A and less than 10 A. However, the invention is
not limited thereto. In another embodiment, the angle 61
between the surface of the conductor layer 326 and the sur-
face of the substrate 10 is less than an angle 62 between the
sidewall of each of the fin structures 101 and the substrate 10.
Each conductor layer 326 extends along a second direction
D2. The second direction D2 is different from the first direc-
tion D1. The second direction D2 is orthogonal to the first
direction D1, for example. Each conductor layer 324 is
located in the trench T and covers a part of the sidewall of the
fin structure 101. A material of the conductor layer 325 is
polysilicon, doped polysilicon, a metal material, or a combi-
nation thereof, for example. The doped polysilicon is N+
doped polysilicon or P+ doped polysilicon, for example. The
thickness of the conductor layer 32bis in arange of 10 A to 50
A, for example.

The conductor layer 40qa is located on the charge storage
layers 22a of the fin structures 101 and extends into the
trenches T to be electrically connected with the conductor
layers 32b. A material of the conductor layer 40q is polysili-
con, doped polysilicon, a metal material, or a combination
thereof, for example. The conductor layer 40a extends along
the second direction D2. The doped polysilicon is N+ doped
polysilicon or P+ doped polysilicon, for example. A thickness
of the conductor layer 40q is in a range of 1000 A to 1400 A,
for example.

The conductor layers 40a and 325 together serve as a word
line or a bit line of the semiconductor device 100, for
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example. It should be noted that when the conductor layers
404g and 325 serve as a word line of the semiconductor device
100, for example, the conductor layer 14a located in the fin
structure 101 serves as a bit line. Similarly, when the conduc-
tor layers 40a and 324 serve as a bit line of the semiconductor
device 100, for example, the conductor layer 14a located in
the fin structure 101 serves as a word line.

Although the embodiment above describes the configura-
tion that the stack layer 18«4 and the charge storage layer 22a
form the fin structure 101, the invention is not limited thereto.
In the following, another embodiment is provided to illustrate
this point. In addition, description about processes/compo-
nents that are the same as or similar to the processes/compo-
nents of the above embodiment will be omitted in the follow-
ing description.

FIG. 2 is a schematic cross-sectional view illustrating a
semiconductor device according to another embodiment of
the invention.

Referring to FIGS. 1A, 1B, and 2 together, a difference
from the above embodiment is that while a semiconductor
device 200 according to another embodiment of the invention
is similar to the semiconductor device 100, each fin structure
201 includes a strip layer 38a and the charge storage layer
22a. The strip layer 38a does not include the dielectric layer
16a. Instead, the strip layer 38a is formed of a conductor
material. A material of the conductor material layer is poly-
silicon, doped polysilicon, a metal material, or a combination
thereof, for example. The doped polysilicon is N+ doped
polysilicon or P+ doped polysilicon, for example. The charge
storage layer 22a covers a top part and a sidewall of the strip
layer 38a.

In the following, a method of fabricating a semiconductor
device according to the invention is described.

FIGS. 3A to 3F are schematic cross-sectional views illus-
trating a method of fabricating a semiconductor device
according to an embodiment of the invention.

Referring to FIG. 3A, the substrate 10 is provided. The
material of the substrate 10 is already described above and
thus is not repeated hereinafter. Next, the dielectric layer 12 is
formed on the substrate 10. A material and a thickness of the
dielectric layer 12 is the same as those in the description about
the dielectric layer 12a. A method of forming the dielectric
layer 12 includes performing a thermal oxidation process or a
chemical vapor deposition process, for example.

Then, a plurality of stack layers 18 are formed on the
dielectric layer 12. Specifically, a step of forming the stack
layer 18 includes forming the conductor layer 14 and dielec-
tric layer 16 alternately stacked with respect to each other, for
example. A method of forming each of the stack layers 18
includes forming the conductor layer 14 on the dielectric
layer 12, and then forming the dielectric layer 16 on the
conductor layer 14. However, the invention is not limited
thereto. In another embodiment, the method of forming the
stack layers 18 includes forming the conductor layers 14 and
the dielectric layers 16 in sequence on the dielectric layer 12.
A material and a thickness of the conductor layer 14 is the
same as those in the description about the conductor layer
14a. A method of forming the conductor layer 14 includes
performing a chemical vapor deposition process. A material
and a thickness of the dielectric layer 16 is the same as those
in the description about the dielectric layer 16a. A method of
forming the dielectric layer 16 includes performing a thermal
oxidation process or a chemical vapor deposition process, for
example.

Then, a hard mask layer 20 is formed on the topmost stack
layer 18. A material and a thickness of the hard mask layer 20
is the same as those in the description about the hard mask
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layer 20a. A method of forming the hard mask layer 20
includes performing chemical vapor deposition or metal
organic chemical vapor deposition (MOCVD). Then, a pat-
terned photoresist layer 50 is formed on the hard mask layer
20.

Referring to FIGS. 3A and 3B at the same time, by using
the patterned photoresist layer 50 as a mask and performing
an etching process, a plurality of the stack layers 18a are
formed on the substrate 10, and the trenches T are formed
between the stack layers 18a. A method of performing the
etching process to the semiconductor device 200 includes
performing the etching process to the hard mask layer 20
using the patterned photoresist layer 50 as a mask, so as to
transfer a pattern of the patterned photoresist layer 50 to the
hard mask layer 20. The etching process includes performing
an anisotropic etching process, such as dry etching, for
example. The dry etching process may include sputter etch-
ing, reactive ion etching, etc. Next, the patterned photoresist
layer 50 is removed. Then, using the patterned hard mask
layer 20a as a mask, an etching process is performed to the
dielectric layers 16, the conductor layers 14, and the dielectric
layer 12, so as to form the stack layers 184 on the substrate 10.
In addition, an angle 63 between a sidewall of each of the
stack layers 18a and the surface of the substrate 10 is greater
than 85.0 degrees and less than 89.9 degrees, for example.
Besides, the corner part C of each of the stack layers 18a may
have a radian.

Then, referring to FIG. 3C, a charge storage layer 22 is
formed on the substrate 10, so as to form the fin structures
101. The charge storage layer 22 is conformally formed along
top surfaces and the sidewalls of the stack layers 18a. In other
words, the charge storage layer 22 covers the top parts and the
sidewalls of the stack layers 18a. The material and the thick-
ness of the charge storage layer 22 are the same as those
described above. A method of forming the charge storage
layer 22 includes performing a chemical vapor deposition
process or a thermal oxidation process, for example.

Referring to FIGS. 3C to 3E, circulating processes are
performed at least twice, such as 2 times to 10 times, so as to
form a single-layer or multi-layer conductor layer 32a in the
trench T. Here, performing the circulating processes once
refers to performing one deposition process and one etching
process. More specifically, referring to FIG. 3C, the deposi-
tion process refers to a process of filling a conductor material
layer 32 (as shown in FIG. 3D) in the trenches T. The con-
ductor material layer 32 is conformally formed on the charge
storage layer 22. In an embodiment, a material of the conduc-
tor material layer 32 is polysilicon, doped polysilicon, a metal
material, or a combination thereof, for example. The deposi-
tion process may include an atomic layer deposition process
or a chemical vapor deposition process.

Referring to FIGS. 3D and 3E, the etching process in the
circulating processes refers to a process of removing a part of
the conductive material layer 32 to unevenly reduce a thick-
ness of the conductor material layer 32. After performing at
least two times of the circulating processes, the first thickness
t1 of the conductor layer 324 formed accordingly is less than
the second thickness t2 of the conductor layer 32a. The first
thickness t1 refers the thickness of the conductor layer 32a
located at the upper part of the sidewall of the fin structure
101, and the second thickness t2 refers to the thickness of the
conductor layer 32a located at the lower part of the sidewall of
the fin structure 101. The etching process may include per-
forming an isotropic etching process or an anisotropic etching
process. In addition, when the conductor layer 32a is a multi-
layer structure, the first thickness t1 and the second thickness
12 refer to a total of a thickness of multiple conductor material
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layers at different positions. In other words, the condition is
met if the at least one conductor material layer in the conduc-
tor layer 32a has the following thickness distribution: the
thickness of the conductor material layer at the upper part of
the sidewall of the fin structure 101 is less than the thickness
of the conductor material layer at the lower part of the side-
wall of the fin structure 101. In an embodiment, each conduc-
tor material layer in the conductor layer 32a has the thickness
distribution. In an embodiment, the conductor material layer
32 at atop part of the charge storage layer 22 and a part of the
charge storage layer 22 are also removed. In an embodiment,
the top part of the charge storage layer 22 is rounded in the
etching process. Therefore, after the etching process, a top
part of the charge storage layer 22a is in a curved shape. Such
curved shape helps fill the conductor material layer in the
trench in the subsequent process to avoid formation of
unevenly distributed voids.

In an exemplary embodiment, the thickness of the conduc-
tor layer 32a gradually decreases from the lower part of the
sidewall of the fin structure 101 to the upper part of the
sidewall of the fin structure 101. In another exemplary
embodiment, the circulating processes are repeatedly per-
formed, so as to produce a difference between the first thick-
ness t1 and the second thickness t2. In addition, the difference
is greater than 1 A and less than 10 A. However, the invention
is not limited thereto. In another embodiment, the angle 61
between a surface of the conductor layer 324 and the surface
of the substrate 10 is less than the angle 62 between the
sidewall of each of the fin structures 101 and the substrate 10.

Then, referring to FIG. 3F, a conductor material layer 40 is
formed on top parts of the charge storage layers 22a of the fin
structures 101 and the surfaces of the conductor layers 32aq.
The conductor material layer 40 fills the trenches T and is
electrically connected with the conductor layers 32a. A mate-
rial of the conductor material layer 40 is polysilicon, doped
polysilicon, a metal material, or a combination thereof, for
example. The doped polysilicon is N+ doped polysilicon or
P+ doped polysilicon, for example. A method of forming the
conductor material layer 40 includes performing a chemical
vapor deposition process. In an embodiment, a thermal treat-
ment may also be performed to the conductor layer 32a and
the conductor material layer 40, such that voids in the con-
ductor layer 32a and the conductor material layer 40 are
diffused externally or accumulate at the top part of the trench
T. A method of performing the thermal treatment includes
rapidly increasing a temperature of the conductor layer 32a
and the conductor material layer 40 to a range of 800° C. to
1100° C. and immediately cooling the conductor layer 32a
and the conductor material layer 40 to a range of 25° C. to
100° C., or heating the conductor layer 32a and the conductor
material layer 40 to a range of 600° C. to 1000° C. and
maintaining the temperature for 1 hour to 24 hours, for
example. A rate of increasing the temperature is in a range of
300° C./hour to 500° C./hour, for example. An environment of
the thermal treatment is a hydrogen atmosphere, for example.
A method of increasing the temperature includes heating by
using laser pulse, for example.

Then, referring to FIGS. 1A, 1B, and 3F at the same time,
the conductor layer 32a and the conductor material layer 40
are patterned, so as to form the conductor layers 3256 and the
conductor layers 40a on the substrate 10. Each of the conduc-
tor layers 325 extends in a direction different from the extend-
ing direction of the fin structure 101. The conductor layers
32b and the fin structures 101 are perpendicular to each other,
forexample. Each of the conductor layers 325 is located in the
trench T and covers a part of the sidewall of the fin structure
101. Each of the conductor layers 40a is located on the charge



US 9,337,209 B1

9

storage layers 22a of the fin structures 101, extends into the
trenches T, and covers the surfaces of the conductor layers
32b. Each of the conductor layers 40a also covers the charge
storage layers 22a on the top surfaces of the fin structures 101.

It should be noted that since the circulating processes are
used in the invention to form the conductor layer 32a thinner
at the upper part and thicker at the lower part on the sidewall
of'the fin structure in advance to reduce an aspect ratio of the
trench, so that it becomes easier to fill the trenches when
forming the conductor material layer 40. Therefore, com-
pared with the device of the conventional art where the con-
ductor material layer is directly filled into the trenches, voids
are less likely to generate in the trenches T of the semicon-
ductor device 300 of the invention.

Although the embodiment above describes the configura-
tion that the stack layer 184 and the charge storage layer 22a
form the fin structure 101, the method of fabricating the
semiconductor device according to the invention is not lim-
ited thereto. In the following, another embodiment is pro-
vided to illustrate this point. In addition, description about
processes/components that are the same as or similar to the
processes/components of the above embodiment will be
omitted in the following description.

FIGS. 4A to 4B are schematic cross-sectional views illus-
trating a semiconductor device according to another embodi-
ment of the invention.

Referring to FIG. 4A, a difference from the above embodi-
ment is that while a method of fabricating a semiconductor
device 400 according to another embodiment of the invention
is similar to the method of fabricating the semiconductor
device 300, a conductor layer 38, instead of the dielectric
layer 16, is formed on the dielectric layer 12 after forming the
dielectric layer 12 on the substrate 10. A material of the
conductor layer 38 is the same as those in the description
about the strip layer 38a, and is thus not repeated below. A
method of forming the conductor layer 38 includes perform-
ing a chemical vapor deposition process. Then, the hard mask
layer 20 is formed on the conductor layer 38, and the pat-
terned photoresist layer 50 is formed on the hard mask layer
20.

Referring to FIG. 4B, by using the patterned photoresist
layer 50 as a mask and performing an etching process, the
strip layers 38a are formed on the substrate 10 and the
trenches T are formed between the strip layers 38a. Details
with respect to performing the etching process to the semi-
conductor device 400 are already described above. Therefore,
details in this respect will not be repeated below.

Referring to FIGS. 2 and 4B at the same time, the subse-
quent steps of forming the charge storage layer 224a to form
the fin structure 201, forming the conductor material layers 32
and 40, and reducing the thickness of the conductor material
layer 32 and details of the steps are already described in the
embodiments above. Therefore, details in this respect will not
be repeated below.

In view of the foregoing, a first conductor material layer
that is thinner at an upper part and thicker at a lower part is fog
lied on the sidewall of the fin structure, so that a second
conductor material layer formed subsequently has a prefer-
able gap filling property. Accordingly, formation of unevenly
distributed voids may be effectively prevented when the con-
ductor material is filled into the trench with a high aspect
ratio, so as to improve an electrical performance of the semi-
conductor device.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
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that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. A method of fabricating a semiconductor device, com-
prising:

forming a plurality of fin structures on a substrate, wherein
there is a trench between the fin structures; and

performing at least two times of circulating processes, so as
to form a first conductor layer, wherein each time of the
circulating processes comprise:

a deposition process, filling a first conductor material layer
in the trench, wherein the first conductor material layer
covers top parts and sidewalls of the fin structures; and

an etching process, removing a part of the first conductor
material layer, wherein a first thickness of the first con-
ductor layer is adjusted to be less than a second thickness
of the first conductor layer, the first thickness is a thick-
ness of the first conductor layer at upper parts of the
sidewalls of the fin structures, and the second thickness
is a thickness ofthe first conductor layer at lower parts of
the sidewalls of the fin structures.

2. The method of fabricating the semiconductor device as
claimed in claim 1, wherein after performing the circulating
processes, the method further comprises: filling a second
conductor material layer in the trench.

3. The method of fabricating the semiconductor device as
claimed in claim 1, wherein a difference between the first
thickness and the second thickness is adjusted to be greater
than 1 A and less than 5 A.

4. The method of fabricating the semiconductor device as
claimed in claim 1, wherein the circulating processes are
performed, such that the thickness of the first conductor layer
gradually decreases from the lower parts of the sidewalls of
the fin structures to the upper parts of the sidewalls of the fin
structures.

5. The method of fabricating the semiconductor device as
claimed in claim 1, wherein the circulating processes are
performed, such that a first angle between a surface of the first
conductor layer and a surface of the substrate is less than a
second angle between the sidewalls of the fin structures and
the surface of the substrate.

6. The method of fabricating the semiconductor device as
claimed in claim 1, wherein the step of forming the fin struc-
tures on the substrate comprises:

forming a plurality of strip layers; and

forming a charge storage layer to cover top parts and side-
walls of the strip layers.

7. The method of fabricating the semiconductor device as
claimed in claim 1, wherein the step of forming the fin struc-
tures on the substrate comprises:

forming a plurality of stack layers; and

forming a charge storage layer to cover top parts and side-
walls of the stack layers.

8. The method of fabricating the semiconductor device as
claimed in claim 7, wherein the step of forming the stack
layers comprises: forming at least one conductor layer and at
least one dielectric layer that are alternately stacked with
respect to each other.

9. A semiconductor device, comprising:

a substrate;

a plurality of fin structures, located on the substrate; and

a first conductor layer, covering sidewalls of the fin struc-
tures,

wherein a first thickness of the first conductor layer is less
than a second thickness of the first conductor layer, the
first thickness is a thickness of the first conductor layer at
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upper parts of the sidewalls of the fin structures, and the
second thickness is a thickness of the first conductor
layer at lower parts of the sidewalls of the fin structures.

10. The semiconductor device as claimed in claim 9,
wherein a difference between the first thickness and the sec-
ond thickness is greater than 1 A and less than 5 A.

11. The semiconductor device as claimed in claim 9,
wherein each of the fin structures comprises:

a strip layer; and

a charge storage layer, covering a top part and a sidewall of

the strip layer.

12. The semiconductor device as claimed in claim 9,
wherein each of the fin structures comprises:

a stack layer; and

a charge storage layer, covering a top part and a sidewall of

the stack layer.

13. The semiconductor device as claimed in claim 12,
wherein each stack layer comprises at least one second con-
ductor layer and at least one dielectric layer that are alter-
nately stacked with respect to each other.

14. The semiconductor device as claimed in claim 9, fur-
ther comprising:

a second conductor layer, covering a surface of the first

conductor layer and a top part of the charge storage layer.

15. The semiconductor device as claimed in claim 9,
wherein a thickness of the first conductor layer gradually
decreases from the lower part of the sidewall of each of the fin
structures to the upper part of the sidewall of each of the fin
structures.

16. The semiconductor device as claimed in claim 9,
wherein a first angle between a surface of the first conductor
layer and a surface of the substrate is less than a second angle
between the sidewall of each of the fin structures and the
surface of the substrate.
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17. A method of fabricating a semiconductor device, com-
prising:

forming a plurality of fin structures on a substrate, wherein

there is a trench between the fin structures;

filling the trench with a conductor layer, wherein the con-

ductor layer comprises a plurality of conductor material
layers and covers top parts and sidewalls of the fin struc-
tures; and

adjusting a first thickness of at least one conductor material

layer to be less than a second thickness of the conductor
material layer, wherein the first thickness is a thickness
of the conductor material layer located at upper parts of
the sidewalls of the fin structures, and the second thick-
ness is a thickness of the conductor material layer
located at lower parts of the sidewalls of the fin struc-
tures.

18. The method of fabricating the semiconductor device as
claimed in claim 17, wherein a difference between the first
thickness and the second thickness is adjusted to be greater
than 1 A and less than 10 A.

19. The method of fabricating the semiconductor device as
claimed in claim 17, wherein the thickness of the conductor
material layer gradually decreases from the lower parts of the
sidewalls of the fin structures to the upper parts of the side-
walls of the fin structures.

20. The method of fabricating the semiconductor device as
claimed in claim 17, wherein a first angle between a surface of
the conductor material layer and a surface of the substrate is
less than a second angle between the sidewalls of the fin
structures and the surface of the substrate.
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